In this study, a dietary survey for 3 weekdays of young unmarried subjects [workers and students, 159 males and 160 females, ages 18-19 y (17.2%), 20-24 y (56.2%), 25-29 y (18.6%), 30-34 y (6.7%) and 35 y-(1.3%)] was performed. We evaluated the intake of green and yellow vegetables in this survey and determined the carotenoids ( ␤ -carotene, ␣ -carotene, lycopene, ␤ -cryptoxanthin, and lutein ϩ zeaxanthin) in 15 kinds of green and yellow vegetables frequently consumed. The carotenoid intake of each subject was calculated from the intake of these vegetables and the amount of carotenoid. Moreover, we studied the intake of protein, fat, and dietary fiber, and investigated its relationship to the intake of vegetables. The mean green and yellow vegetable intake/d in all subjects was 60.5 Ϯ 58.7 g, much lower than the recommended level [120 g/d, (Health Japan 21 by Japanese Ministry of Health, Labour and Welfare)]. The intake of green and yellow vegetables was greater in females than males, and in workers than students. In all subjects, the mean total carotenoid intake/d was 2,852.8 Ϯ 2,354.3 g. In the total intake of carotenoids, there was no difference between males and females; however, the intake was greater in workers than in students. The intake of ␤ -carotene and ␣ -carotene was greater in males than females. However, the intake of ␤ -cryptoxanthin, lycopene, and lutein ϩ zeaxanthin was greater in females than males. The group with the low green and yellow vegetable intake had not only a low carotenoid intake, but also a low intake of protein, fat, and dietary fiber. Therefore, it was suggested that carotenoid absorption may be affected by a low intake of protein, fat, and dietary fiber.
Many young unmarried subjects eat neither breakfast, nor any green or yellow vegetables, which take a lot of time to prepare. Green and yellow vegetables are rich in carotenoids, such as ␤ -carotene, and vitamin C, minerals, and dietary fiber. Moreover, in Japanese, about 56% of the vitamin A in diet comes from green and yellow vegetables ( 1 ) . Green and yellow vegetable intake is still lower than that recommended by the Japanese Ministry of Health, Labour and Welfare (120 g/d, Health Japan 21). Therefore, we investigated the amounts and kinds of green and yellow vegetables consumed by young unmarried subjects.
One advantage of eating green and yellow vegetables is the intake of carotenoids. In recent years, carotenoids have attracted attention not only as a source of vitamin A, but also because of their reported contribution to antioxidation and inhibitory effects on cancer and various diseases ( 2 -5 ) . Therefore, it may be important to clarify the daily dietary carotenoid intake, and particularly, the differences in this intake among individual subjects. There are many reports ( 6 -12 ) concerning carotenoid intake. However, the literature regarding the intake in young unmarried subjects is scant. We performed a dietary survey during 3 consecutive days, and clarified the kinds and amounts of green and yellow vegetables frequently consumed. We selected the top 15 green and yellow vegetables in terms of intake, and determined the amounts of carotenoids ( ␤ -carotene, ␣ -carotene, lycopene, ␤ -cryptoxanthin and lutein ϩ zeaxanthin) they contained. The carotenoid intake of each subject was calculated from the intake of the vegetables and the amounts of carotenoids.
Moreover, it has been reported that the absorption of carotenoids is affected by the amount of protein, fat, and dietary fiber ( 13 -17 ) in a diet. It is suggested that the intake of protein, fat and dietary fiber differs among young subjects and may affect carotenoid absorption. We calculated the amounts of fat, protein, and dietary fiber taken in by individual subjects and investigated the relationship in terms of intake between carotenoid and protein, fat, and dietary fiber. 2. Methods of survey. A questionnaire survey was performed. The questionnaire consisted of a survey of dietary habits, awareness of diet, and food intake. In the survey of food intake, the names of dishes and foods and their amounts (determined by weight) during 3 consecutive days, excluding Saturday and Sunday, were described in detail using an entry example as a reference. Attention was drawn to the following 3 points: 1) for foods that cannot be weighed, the standard weight should be described in detail according to the entry example. 2) All foods and beverages consumed during meals should be recorded, along with the time of consumption. 3) For foods eaten out, such as those from restaurants, takeout foods and foods eaten at cafeterias, dishes and contents should be remembered and described in as much detail as possible.
METHODS

Subjects and
The questionnaire recovery rate was 61.5% for the students, 72.4% for the workers, and 67.9% for all subjects. In the food intake survey, the intake of nutrients was calculated from the food intake during 3 d in each subject using "Health Make Program ver. 3. Determination of amounts of carotenoids in green and yellow vegetables. Based on the food intake survey, the top 15 green and yellow vegetables in terms of intake were selected and purchased in a supermarket in Wakayama City. These 15 accounted for 98.6% of the intake of green and yellow vegetables in males and females. For the analysis of carotenoids in green and yellow vegetables, amounts of ␤ -carotene, lutein ϩ zeaxanthin, ␣ -carotene, lycopene, and ␤ -cryptoxanthin in vegetables were analyzed using a modified Wills' method ( 18 ) .
Five grams of sample was homogenized in 20 mL of acetone containing 0.05 g of pyrogallol and 0.25 g of magnesium carbonate. The acetone extraction was repeated four times. The combined acetone solution was transferred to a brown separating funnel. Seventy milliliters of diethyl ether (containing 0.025% BHT) was added and mixed, and then 50 mL aliquots of 10% sodium chloride solution were added and mixed by shaking. The lower phase was drawn off and extracted three times with 70 mL aliquots of diethyl ether. The combined diethyl ether phases were evaporated at 35˚C to near dryness. Sixty milliliters of diethyl ether was added, the residue was redissolved, and an equal volume of 20% potassium hydroxide in MeOH was added and saponified for 1 h at room temperature. Seventy milliliters of 10% sodium chloride solution was added and shaken in a brown separating funnel. The lower phase was drawn off and extracted three times with 60 mL aliquots of diethyl ether. The combined diethyl ether phases were washed with water until neutral, and were dehydrated with sodium sulfate anhydride, evaporated, Table 1 . Daily intakes of energy, green and yellow vegetables and carotenoids in students and workers. 
Statistical analysis.
Most values are shown as the meanϮstandard deviation. The mean value was compared between groups with a one-way analysis of variance, and differences were analyzed using Fisher's least significant difference method; pϽ0.05 was regarded as significant. Moreover, the mean value was compared between males and females using Student's t-test. The correlation between the intake of each nutrient and that of green and yellow vegetables was analyzed. Statistical processing was analyzed using "Excel Tokei" (Social Survey Research Information, Japan).
RESULTS
Energy and green and yellow vegetable intake/d
As shown in Table 1 , the energy intake was significantly larger in males (2,009.7Ϯ643.1 kcal/d) than females (1,862.9Ϯ433.0 kcal/d) (pϽ0.05). The mean green and yellow vegetable intake/d in all subjects was 60.5Ϯ58.7 g. The intake was greater in females (66.0 g/d) than in males (54.0 g/d), and the mean intake was greater in workers (65.1 g/d) than in students (52.5 g/d). Some 35.2% of males and 24.4% of females had very low intakes (Ͻ25 g/d). That is to say, the intake of vegetables was greater in females but the intake of energy was greater in males.
As shown in Table 2 , in males, intake/d/subject was highest for tomatoes, followed in order by carrots and green sweet peppers. In females, the intake was highest for tomatoes, followed by carrots and then pumpkins. The mean intake/d of tomatoes was 25.6 g in the females and 17.7 g in the males, while that of carrots was 12.0 g and 15.6 g, respectively. The pumpkin intake in the females was 10.3 g, which was about 2.6 times that in the males.
In males, intake/d/subject was highest for tomatoes, followed in order by carrots, green sweet peppers, pumpkin, spinach, ha-negi, qing gin cai, pods, Chinese chive, broccoli, sweet peppers, okra, immature pods, asparagus, and komatsuna.
Analysis of carotenoid levels in green and yellow vegetables and carotenoid intake/d
An analysis of carotenoid levels in the top 15 green and yellow vegetables in terms of intake was performed to calculate the carotenoid intake of each subject. Luteinϩzeaxanthin and ␤-carotene were detected in each type of vegetable as shown in Table 2 . In addition, lycopene was detected in tomatoes, ␣-carotene in carrots, and ␤-cryptoxanthin in pumpkins. The luteinϩ zeaxanthin content was high in leafy vegetables.
Using these measurements and the intake of green and yellow vegetables, the amount of each carotenoid ingested was calculated (Table 1) . In all subjects, total carotenoid intake/d was 2,852.8Ϯ2,354.3 g, and the mean intake was 1,522.5Ϯ1,286.3 g for ␤-carotene, 350.5Ϯ416.4 g for luteinϩzeaxanthin, 541.1Ϯ1,027.7 g for lycopene, 424.5Ϯ440.4 g for ␣-carotene, and 14.5Ϯ34.3 g for ␤-cryptoxanthin. The intake of ␤-carotene and ␣-carotene was higher in males than females. It is thought that the intake of carrots, which contain large amounts of ␤-carotene and ␣-carotene, was greater in males than in females. On the other hand, the intake of luteinϩzeaxanthin, lycopene, and ␤-cryptoxanthin was greater in females. In particular, the intake of ␤-cryptoxanthin was significantly higher in females. Moreover, the intake of all carotenoids, lycopene, and luteinϩzeaxanthin was greater in workers than in students. This may be because the intake of tomatoes was significantly higher in workers (25.3 g) than in students (16.3 g).
Though not shown in the figure, the distribution of total carotenoid intake/d was evaluated in males and females. Among males and females, the percentage of subjects with a total carotenoid intake of Ͻ2,000 g/d was 45.9% and 45.3%, of 2,000-4,000 g/d was 29.6% and 30.2%, of 4,000-6,000 g/d was 15.7% and 13.9%, and of Ն6,000 g/d was 8.8% and 10.6%, respectively.
Relationship between intake of green and yellow vegetables and intake of protein, fat, and dietary fiber
Effects of protein, fat, and dietary fiber on the absorption of carotenoids have been reported and so correlations between the intake of green and yellow vegetables and that of protein, fat, and dietary fiber were calculated, as shown in Fig. 1 .
The coefficient of the correlation with protein, was 0.275 in males (pϽ0.01), and 0.536 in females (pϽ0.01). The subjects with a high intake of green and yellow vegetables had a high intake of protein, but the subjects with a low intake of these vegetables had a low intake of protein; therefore a low intake of protein may affect carotenoid absorption.
The coefficient of the correlation between the intake of green and yellow vegetables and that of fat, was 0.174 in males (pϽ0.05), and 0.223 in females (pϽ0.01), lower than that between the vegetables and protein or dietary fiber. However, subjects with a fat intake of Ͻ59 g/d (fat allowanceϫ0.9) composed 80.4% of the male group with a green and yellow vegetable intake of Ͻ25 g/d, but 63.9% of that with a green and yellow vegetable intake of Ն75 g/d. Fat allowances were calculated according to Health Make Program ver. 4.0: Fat allowance (g)ϭenergy allowanceϫ0.23 (fat energy ratio)/9. In the females, the subjects with a fat intake of Ͻ46 g/d (fat allowanceϫ0.9) accounted for 51.3% of the group with a green and yellow vegetable intake of Ͻ75 g/d, but 31.9% of the group with an intake of Ն75 g/d. Therefore, it was thought that the subjects with a high intake of green and yellow vegetables had a high intake of fat.
The coefficient of the correlation between the intake of green and yellow vegetables and that of dietary fiber was 0.328 in males (pϽ0.01), and 0.433 in females (pϽ0.01). Green and yellow vegetable are thought to contain much dietary fiber; therefore, the intake of dietary fiber correlated with the intake of these vegetables.
DISCUSSION
The intake of green and yellow vegetables was higher Fig. 1 . Correlation between the green and yellow vegetable intake and protein intake, fat intake and dietary fiber intake.
Green and yellow vegetables intake, protein intake, fat intake, dietary fiber intake are calculated from the food intake survey.
in the 2002 National Nutrition Survey (88.5 g/d) (1) than in the 1993 survey (81.69 g/d) (19) . However, it was still lower than the recommended intake (120 g/d, Health Japan 21), possibly due in part to a lack of understanding about the need for green and yellow vegetables in the young, including unmarried individuals. Kasamatsu (20) reported that the intake of these vegetables (68.5 g/d) in Wakayama Prefecture, where the present study was conducted, was much lower than the national average (81.69 g/d, 1993). The National Nutritional Survey in 1993 (19) reported a mean green and yellow vegetable intake of 57.0 g in subjects aged 20-29 y who live alone (54.0 g in males and 60.9 g in females), which was similar to the mean value for all subjects in the current study. Among the unmarried subjects of this study, the intake was lower in males than females. Moreover, it was lower in students than workers. The percentage of subjects taking in Ͻ57 g/d (average) of green and yellow vegetables was 59.6%, but the percentage of taking in Ͼ120 g/d (recommended intake) was 12.9%. The difference in the intake of green and yellow vegetables among subjects was great.
Carotenoid levels in 15 kinds of green and yellow vegetable were determined in order to calculate the intake of carotenoids. The amount of luteinϩzeaxan-thin in spinach has been reported to be 4.40 mg (21) or 9.89 mg/100 g (22) and that in broccoli, 0.80-2.44 mg (22) (23) (24) , much higher than the values in this study. The ␤-carotene content of carrots has been reported to be 4.65-9.02 mg (22) or 7.60 mg/100 g (25) , while that of spinach has been reported to be 3.30 mg (21) and 4.31 mg/100 g (25) , similar to the values obtained here. However the amount of ␤-carotene in broccoli has been reported to be 0.78 mg/100 g (23) and that in asparagus, 0.49 mg/100 g (23), higher than the values in this study. On the other hand, the ␣-carotene content of carrots has been reported to be 0.53 mg (21), 3.06-4.89 mg (22) , or 3.79 mg/100 g (25) and the lycopene content of tomatoes has been reported to be 3.10 mg/ 100 g (25) , which were also close to the values in the present study. The variation may be explained by difference in the analytical methods used, the conditions and periods of cultivation, the length of storage, and the varieties in different countries and regions.
In this study, the intake was 2,852.8 g/d for carotenoids overall, 1,522.5 g/d for ␤-carotene, 350.5 g/ d for luteinϩzeaxanthin, 541.1 g/d for lycopene, 424.5 g/d for ␣-carotene, and 14.5 g/d for ␤-cryptoxanthin. It has been reported that in various foreign countries, the intake of carotenoids was 1,120-6,382 g/d for ␤-carotene, 500-6,025 g/d for luteinϩzea-xanthin, 1,310-10,844 g/d for lycopene, 527-1,174 g/d for ␣-carotene, and 25-247 g/d for ␤-cryptoxanthin (subjects aged 24-79 y) (6) (7) (8) (9) . Further, the following values were reported in Japan: 1,889-2,762 g/d for ␤-carotene, and a mean intake of 181-306 g for ␣-carotene and 1,731-3,326 g for lycopene (subjects aged 40-69 y) (10-12). The intake of ␣-carotene and ␤-carotene in this study was similar to the mean from a previous study in Japan, but the luteinϩzea-xanthin, lycopene, and ␤-cryptoxanthin intakes were lower than those reported previously. The amount of lycopene from processed tomato-based foods (ketchup and tomato juice) was added to the intake in this study. However, the levels of lycopene, luteinϩzeaxanthin, and ␤-cryptoxanthin ingested were low. It is thought that less tomato, pumpkin, and spinach were consumed by the subjects in this study than in the previous study in Japan. However, there were few subjects with a high carotenoid intake in this study. The percentage of subjects with a total carotenoid intake of Ն6,000 g/d was just 9.7%. It was clarified that the difference in carotenoid intake among the subjects was large.
The interaction between the consumption of green and yellow vegetables and the intake of fat, protein, or dietary fiber was analyzed in order to investigate the effect of the latter on the absorption of carotenoids. Figure 1 showed that subjects with a high intake of green and yellow vegetables have a high intake of protein and fat, and that subjects with a low intake of green and yellow vegetables have a low intake of protein and fat. It is reported that the amount of carotenoid absorbed was increased by adding fat (6-200 g) to basic meals (containing 60-137 g/d of fat) (13, 14) . These studies were based on one test meal. Therefore, it is suggested that the absorption of carotenoids was influenced by the consecutive intake of fat and protein in the present study. There are reports that dietary fiber does (16, 17) and does not (15) affect the absorption of carotenoids. In the current study, the intake of dietary fiber was significantly greater in the group with a high intake of green and yellow vegetables (Fig. 1) . The amount of carotenoid absorbed may be influenced by the intake of dietary fiber.
This study has several limitations. First, the intake of ␤-cryptoxanthin may have been seriously underestimated, because the major source of ␤-cryptoxanthin is citrus fruits. The carotenoids from fruit were not included in this study. Second, since the survey was only carried out in summer, the vegetables consumed were seasonal.
From the results of our analysis, the subjects who ate few green and yellow vegetables had small intakes of fat, protein, and dietary fiber. In contrast, those who ate many green and yellow vegetables had large intakes of fat, protein, and dietary fiber. Moreover, because the individual variation in the amounts of green and yellow vegetables consumed was extensive, the variation in carotenoid intake from these vegetables was great. It is important that the effect of fat, protein, and dietary fiber on the absorption and metabolism of carotenoids be investigated, and that the influence of large or small amounts of these carotenoids on the health of subjects be clarified.
